Disk Variability:
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Each relies on information gleaned from other techniques
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Example: Inner Disk Structure from Interferometry

Inner “hole” and
inclination from
fringe visibilities
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Combined VLTI (AMBER) & SED (BASS & VNIRIS) -
Super-refractories in HD 163296 (Benisty et al. 2010)
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In this case during
relative stability

(2007-2008)
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More generally - comparing interferometrically-derived disk
models to archival SEDs leads to ambiguities. Which
observations to use!

MWC 275 -
= HD 163296

\

gOB
&

i
»

Wavelength {mkrons) Basellne (m)

Monnier et al. 2006
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Example: HD 31648 = MWC 480

“The IR emission for this star may be variable.” - Sitko (1981)

HD 31648

1996-10-14 (IRTF)
1998-01-12 (2MASS)
1998-02-27 (ISO)
2004-08-05 (IRTF)
2006-12-11 (IRTF)

The inner regions of the disk are intrinsically variable
(Sitko et al. 2008)
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How the |-5 Micron Variability
Affects the Interpretation of the
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MWC 275 = HD 163296 - |10 Epochs
Major “outburst” in 2002

HD 163296

1979-09-01 (KPNO) 1998-05-12 (IRTF)
1980-03-09 (ESO) 1998-05-16 (CST)
1983-06-20 (ESO) 2002-07-18 (Lick)
1986-07-22 (ESO) 2002-07-29 (IRTF)
2004-05-29 (MLOF)

2005-07-06 (Lick)

2005-07-26 (IRTF)

., 2006-05-19 (IRTF)
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Simplistic Approach to Model the Changes
(add simple halo using DUSTY)

HD 163296 2005 HD 163296 2002

1.0  10.0 100.0 1000.0 . . 10.0 100.0 1000.0
A(um) Mpm)
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Change the Disk Structure in a Full Radiative
Transfer Treatment (Whitney code)

Sitko et al. 2008

HD 163296

N - 2002
inner . 2005

gas shadowed dust disk ) 2005+ 0utburst
disk

dust
sublimation

expanded inner dustOT s

Raise inner rim height from 0.12 AU to 0.18 AU
and inner rim radius from 0.29 AU to 0.35 AU

(note that this changes the degree of shadowing of the outer disk)
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Visibility

HERE IS HOW IT AFFECTS THE INTERFEROMETRY
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Vnsubmty curve for MWC275 HD 163296

Dust-rim + gas model -
Keck Interferometer
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Tannirkulam et al. 2008
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SAO 206462 - VLTI
Spatially-resolved interferometry (Fedele et al. 2008)

different
baseline

...affects spatially resolved spectral features, too??
Silicate band variability?
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We already know the silicate band changes in PMS stars

- DG Tau
Sitko et al. 2008 Bary et al. 2009

2001=01=31 (IRTF)
2002-01-17 (IRTF)
2003-01-10 (IRTF)
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The View from Spitzer:“See-saw’ Variability
Raising inner rim height increases near-IR emission but
decreases irradiation of the outer disk.

Muzerolle et al. 2009 Espaillat et al. 201 |
Flaherty et al. 201 |
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Changing inner rim geometry will change the heating of the outer
disk, AND THE SCATTERED LIGHT COMPONENT
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Variations in Disk Shadowing Actually an “old” idea:
(WisnieWSki et al. 2008 “The alterations in the

Fukagawa et al. 2010) appearance of the nebula
MWC 275 = HD 163296 NGC 6729 are apparently
caused by the shadowing
effects of clouds which are

very close to the star....” -
Graham & Phillips 1987
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Fig. 10. Shadow motion. a) periastron, ¢) apoastron, b). d) phases

between pertastron and apoastron.

Moving shadows -
Tambotsvena et al. 2006
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Precessing Inner Disk Warp
(Morales-Calderon et al. 2009 but see a pre-print version!)
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Planet-disk warps
Will they shadow the
outer disk sufficiently?
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Flaherty & Muzerolle 2010

Growing Inner | |
Disk Warp Growing Spiral Arm

NCAD 2012

Wednesday, July 25, 12



Coordinating SED Observations with High
Contrast High Spatial Resolution Imaging
(adaptive optics coronagraphic observations)
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MWC 480 - Kusakabe et al. 2012

MWC 480

7903/0 LRSP Ay
081004 S oX & 080903 BASS

Subaru/HiCIAO observations
| B :*“@“”ws were made when MWC 480
) W was at or below historic
minimum! This maximized
outer disk scattered light.
Important to know!

NCAD 2012

Wednesday, July 25, 12



SAQO 206462 (HD 135344B) - Muto et al. 2012
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Inner wall height
determines scale
height that spiral arm
material must reach
to be illuminated
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Coordinated Observations with
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Che et al. (in preparation)

Keck IRTF SpeX: IRTF BASS:
Interferometer: 0.8—5 um 3—13 um

MWC 275  2009-07-07 2009-07-08 2009-07-14&16
2011-03-22 2011-03-23

MWC 480 2009-10-26 2009-12-01 2009-11-29
2012-03-02

-~ ABAur 2009-10-26 2009-12-01 2009-1 1

i 3 N
= _1.:~ b 1o

-29

N e R i e
B = :"\'_ '.-—1 ~r fL :-..,tl ‘.'|‘.?. B LPL

Wednesday, July 25, 12



SED “Product”
SAQO 206462 ______MWC 450

VLTI: IRTF
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Scheduled Subaru AO Imaging  Scheduled IRTF
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What’s “next’’?
VLTI - PIONIER & GRAVITY & MATISSE

2010-10-28 2010-12-07 2010-12-22

LAMBOASF —LANBOA (W/mee2)

0
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Subaru SCExXAO
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Non-Redundant Sparse Aperture Mask Interferometry

(contunued)
Example aperture masks
b) —
A0SR Kraus & lreland 201 |
| LkCa 15 disk LkCa 15
'
| W
\ 'J\. /11 AU
,_/ 50 AU A (76 mas)
(/ o

Aperture \ / PrOtO P I an et
Re-imaged o Mask A

aperture plane " Candidate in a/

4«— Detector array d | S k

Also - ALMA, LBT, etc. will

help revolutionize our
knowledge of these systems
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Amanda Day, Chelsea Werren, Alexa Stefanko
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